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ABSTRACT 
- A photometric scanning with a sensitivity.of 1R failed to detect 
anA5876 He1 emission in the auroral zone: An emission feature in this 
region was found to be part of the 8-2 hydroxyl system. Upper limits 
-of 0.02.  to 0.003 are placed on the h5876/H$ ratio and the corresponding 
a-particle/proton ratios are calculated as  function.^ of particle energy. 
Eather'l'has recently estimated the 15876 He1 emission that would 
be expected to result from a-particle bombardment of the auroral atmo- 
sphere, and has suggested that the emission should be detectable if.the 
ratio F /F of a-particles to protons is of the order of 0.1. It is 
a P 
evident that if helium emission could be detected, then a delineation 
of the relative locations of the electron, proton and &-particle pre- 
cipitation zones would be important additional data that must be con- 
. ., 
sistent with any theory relating to the source and acceleration of 
auroral particles. Consequently an attempt has been made to detect this 
emission from Ft. Churchill, Canada (L = 8.6) during the winter 1966-67. 
There are two possible sources of contamiaation that may give 
rise to distinct emission features in the spectral region of interest: 
(a) weak, aurorslly-associated band emissions, which should be identi- 
fiable by enhancement in visual auroras, and (b) weak night-sky emissions 
(in particular the (8-2) hydroxyl system) which should show a strong 
van Rhijn effect at a l i  times, and not exhibit any zone of einission as; 
might be expected of the helium emission. To unambiguously identify a? 
feature near 58768 as helium emission, we considered it necessary to . 
detect a Doppler shift between the magnetic-horizon spectral profiles 
(as.is the case for the hydrogen emission from precipitating protons). 
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2 .  EXPERIMENTAL EXPERIMENTS 
A t i l t i n g - f i l t e r  pho tomete r  [ E a t h e r  and J a c k a  ( 2 ) ]  was u s e d  t o  s c a n  
the  s p e c t r a l  r e g i o n  of i n t e r e s t .  The detect02 was an  EM1 60948 pho to -  
m u l t i p l i e r  k e p t  a t  -20 C .  The i n t e r f e r e n c e  f i l t e r  was 2”  i n  d i a m e t e r  
and  had  a p e a k  t r a n s m i s s i o n  of 39% a t  58808, and a h a l f - t r a n s m i s s i o n  
bandwidth  of 2.7g; f i l t e r  t e m p e r a t u r e  was c o n t r o l l e d  a t  15 C. 
t h e  f i l t e r  from 0 t o  10 scanned  t h e  spectral  r a n g e  58802 t o  58568, 
and a s p e c t r a l  s c a n  was made e v e r y  1 5  s e c o n d s .  The f i e l d  of view of 
the  pho tomete r  (2 .5  h a l f - a n g l e )  and chang ing  f i l t e r  c h a r a c t e r i s t i c s  
w i t h  a n g l e  of i n c i d e n c e  r e s u l t  i n  an  i n c r e a s i n g  e f f e c t i v e  bandwid th  
w i t h  t i l t - a n g l e ,  b u t  a t  t h e  same t i m e  t h e  p e r c e n t a g e  t r a n s m i s s i o n  de- 
0 
0 T i l t i n g  
0 0 
0 
c r e a s e s ,  so  t h a t  t h e  t o t a l  i n t e g r a t e d  t r a n s m i s s i o n  r ema ins  c o n s t a n t  
t o  w i t h i n  10%. 
T h i s  sys t em a l l o w s  i n t e n s i t i e s  of  a b o u t  0 - 0 5  R t o  be d e t e c t e d  
i n  t h e  p r e s e n c e  of  a n i g h t - s k y  cont inuum of  many times t h i s  v a l u e ,  
p r o v i d e d  t h e  cont inuum d o e s  n o t  unde rgo  a p p r e c i a b l e  f l u c t u a t i o n s  i n  
t i m e s  less t h a n  t h e  s c a n  p e r i o d .  The pho tomete r  was c a l i b r a t e d  abso- 
l u t e l y  w i t h  a C r a d i o a c t i v e  l i g h t  source which was s u b s e q u e n t l y  
c a l i b r a t e d  a g a i n s t  a N a t i o n a l  Bureau of  S t a n d a r d s  s t a n d a r d  lamp. 
14 
The he l ium pho tomete r  compr ised  one c h a n n e l  of a f o u r - c h a n n e l  
pho tomete r  t h a t  s i m u l t a n e o u s l y  measured H @ ( w i t h  a t i l t i n g  f i l t e r )  and 
4- 
13914 N2 ( f i x e d  f i l t e r ) .  
c h a n n e l ,  
V a r i o u s  o t h e r - f i l t e r s  were used  i n  t h e  4 t h  
Some t y p i c a l  measurements  are shown i n  f i g .  1. Record A shows 
t h e  t r a c e  o b t a i n e d  f o r  t h e  A5876 l i n e  from a H e  s p e c t r a l  lamp. The 
n e x t  two t r a c e s  a r e  a u r o r a l - z o n e  measurements  w i t h  t h e  H e  f i l t e r  (B) 
and  Hf3 f i l t e r  ( C ) ,  w i t h  t h e  p h o t o m e t e r  p o i n t e d  i n  t h e  m a g n e t i c - z e n i t h  
d i r e c t i o n .  The lower t w o  t r a c e s  a r e  H e  (D) and HB (E) measurements  
n e a r  t h e  magne t i c -ho r i zon  d i r e c t i o n .  Comparison of  (C) and (E) c l e a r l y  
shows t h e  Doppler s h i f t  of t h e  m a g n e t i c - z e n i t h  e m i s s i o n  of- HB. The 
h e l i u m  r e c o r d s  (B)- and (D)  a r e  much n o i s i e r ,  and a l t h o u g h  it i s  q u i t e  
e v i d e n t  t h a t  t h e r e  i s  a n  e m i s s i o n  f e a t u r e  located a f e w  8 t o  t h e  b l u e  
s i d e  of t h e  15876 p o s i t i o n ,  i t  i s  n o t  p o s s i b l e  t o  d e c i d e  i f  t h e r e  i s  
J #  
a Doppler  s h i f t  i n  t h e  m a g n e t i c - z e n i t h  d i r e c t i o n .  
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To t e s t  t h e  h y p o t h e s i s  t h a t  t h i s  e m i s s i o n  f e a t u r e  may be p a r t  of 
a weak; a u r o r a l l y - a s s o c i a t e d  band s y s t e m ,  ‘ a  5862g t i l t i n g  f i l t e r  was 
u s e d  i n  t h e  4 t h .  c h a n n e l  of t h e  p h o t o m e t e r  t o  s c a n  t h e  weak IPG (8,4)N 
When there was n o  v i s u a l  a u r o r a  i n  t h e  f i e l d  of v iew,  
2 
. l i n e  a t  59592. 
t h e r e  was n o  d e t e c t a b l e  15959 e m i s s i o n ,  b u t  t h e  e m i s s i o n  n e a r  15876 
w a s  a lways  p r e s e n t .  When v i s u a l  a u r o r a s  w e r e  present,  X5959 LPG 
(8,4)N was r e a d i l y  d e t e c t a b l e  b u t  t h e r e  was no enhancement of t h e  
e m i s s i o n  n e a r  15876. It was t h u s  conc luded  t h a t  t h e  e m i s s i o n  i s  not 
part of any weak, a u r o r a l l y - a s s o c i a t e d  band sys t em.  
2 
A s t r o n g  van  R h i j n  e f f e c t  was a lways  e v i d e n t  f o r  t h i s  e m i s s i o n ,  
w i t h  a r a t i o  of a b o u t  2 .5  f o r  the  measured i n t e n s i t y  a t  a z e n i t h  a n g l e  
of 7 5  t o  t h a t  i n  t h e  z e n i t h .  T h i s  s u g g e s t s  t h e  e m i s s i o n  may be a n  
a i r g l o w  f e a t u r e ,  p o s s i b l y  p a r t  of t h e  R 
OH e m i s s i o n  t h a t  a r e  l o c a t e d  i n  t h i s  r e g i o n  [Chamber la in ,  ( 3 ) ] .  
n a t i v e l y ,  t h e  zone  of u - p a r t i c l e  p r e c i p i t a t i o n  may be v e r y  b r o a d ,  so 
a s  t o  g i v e  a van R h i j n  e f f ec t  a c r o s s  t h e  s k y  a t  a l l  t i m e s .  
0 
and R2 s y s t e m s  of t h e  (8-2)  1 
A l t e r -  
The f i n a l  d e f i n i t i v e  t e s t  s h o u l d  be t h e  s e a r c h  f o r  a Doppler s h i f t  
between t h e  m a g n e t i c - z e n i t h  and magne t i c -ho r i zon  prof i les ,  though i t  
is a p p a r e n t  t h a t  t y p i c a l  r e c o r d s  [fig. 1 ( B )  and l ( D ) ]  a re  too  n o i s y  
f o r  t h i s  measurement t o  be made a c c u r a t e l y .  Consequen t ly  s p e c t r a l  s c a n s  
w e r e  summed on a N o r t h e r n  S c i e n t i f i c  d ig i ta l -memory  o s c i l l o s c o p e  for 
a b o u t  15 m i n u t e s  (60 s c a n s )  and t h e  r e s u l t a n t  i n t e g r a t e d  p r o f i l e s  r e a d  
o u t  o n t o  a c h a r t  recorder. F i g .  2 shows a t y p i c a l  compar ison  of i n -  
t e g r a t e d  p r o f i l e s  i n  t h e  n a g n e t i c - z e n i t h  and  magne t i c -ho r i zon  d i r e c t i o n s ,  
a s  compared w i t h  t h e  H e  s p e c t r a l  lamp. (These  p r o f i l e s  have  n o t  b e e n  
corrected f o r  c h a n g i n g  f i l t e r  c h a r a c t e r i s t i c s  w i t h  t i l t - a n g l e . )  It is  
q u i t e  e v i d e n t  t h a t  t h e r e  is  l i t t l e  d i f f e r e n c e  between t h e  two prof i les  
and no Doppler s h i f t  was o b s e r v e d .  About 20  p a i r s  of i n t e g r a t e d  p r o f i l e s ,  
o b t a i n e d  a t  v a r i o u s  l o c a l  times and o v e r  many d i f f e r e n t  n i g h t s ,  w e r e  
compared and t h e r e  was n e v e r  any mean ingfu l  d i f f e r e n c e  between them. 
The s m a l l  differences s e e n  i n  f i g -  2 were c o m p l e t e l y  random. The t o t a l  
i n t e g r a t e d  i n t e n s i t y  (corrected t o  t h e  z e n i t h )  w a s  t y p i c a l l y  4-6 R ,  
though on some o c c a s i o n s  was less t h a n  2 R.  
There  seems t o  be l i t t l e  d o u b t  t h a t  t h e  e m i s s i o n  detected was p a r t  
of t h e  R and R (8-2) OH sys tem.  T h i s  c o n c l u s i o n  was confirmed by 
measurements  a t  m i d - l a t i t u d e s  (Houston,  Texas )  i n  May, 1967. Again an  
e m i s s i o n  f e a t u r e  a t  a b o u t  58748 was detected, and the i n t e g r a t e d  i n -  
1 2 
t e n s i t y  was 3-4 R.  The R L ( 5 )  (5874 .28) ,  R2(1) (5873.52)  and R2(5)  
(5874.3x) l i n e s  a r e  p r o b a b l y  t h e  main c o n t r i b u t o r s .  
l e n g t h  measured (58738 A 0- 5g)  would depend on f i l t e r  c h a r a c t e r i s t i c s  
The a v e r a g e  wave- 
and r e l a t i v e  i n t e n s i t i e s  of t he  c o n t r i b u t i n g  l i n e s .  
The i n t e g r a t e d  i n t e n s i t y  f o r  t h e  example i n  f i g .  2 i s  4.7 R .  It  
is e s t i m a t e d  t h a t  if t h e r e  w e r e  a he l ium component p r e s e n t  t h a t  e x h i b i t e d  
a Doppler s h i f t  i n  t h e  m a g n e t i c - z e n i t h  d i r e c t i o n ,  t h e n  an  e m i s s i o n  of 
a b o u t  1 R would s u f f i c e  t o  g i v e  a s y s t e m a t i c  d i f f e r e n c e  i n  t h e  i n k e g r a t e d  
z e n i t h  and h o r i z o n  prof i les .  A t  t h e  same t i m e  t h e  H@ e m i s s i o n  a t  t h e  
maximum of t h e  hydrogen a r c  was 6 0  R ,  s o  a n  upper  l i m i t  f o r  t h e  
15876 He/XP r a t i o  i s  a b o u t  0 .02 f o r  t h i s  example. Highe r  uppe r  limits 
w e r e  o b t a i n e d  on n i g h t s  w i t h  less hydrogen  e m i s s i o n ,  and i n  d i r e c t i o n s  
away from t h e  hydrogen a u r o r a .  The l o w e s t  v a l u e  of  t h i s  r a t i o  was ob- 
t a i n e d  on t h e  n i g h t  of F e b r u a r y  15-16, 1967 when t h e r e  was v e r y  s t r o n g  
H@ e m i s s i o n  (350 R c o r r e c t e d  t o  t h e  z e n i t h ) .  Dur ing  t h i s  e v e n t  it was 
e s t i m a t e d  t h a t  15876 He/H$<.003. T h i s  e v e n t  wi.1.1 be discussed s e p a r a t e l y  
i n  s e c t i o n  4.  
To t r y  t o  c i r c u m v e n t  t h e  problem of h y d r o x y l  c o n t a m i n a t i o n ,  a 2 .58  
t i l t i n g  f i l t e r  c e n t e r e d  on 44742 was u s e d  on a f e w  n i g h t s  t o  s e a r c h  for 
t h e  14471 H e  l i n e .  The expected.  i n t e n s i t y  of t h i s  l i n e  i s  o n l y  1/4 t h a t  
of 15876 [Head and Hughes,  ] b u t  t h e  n i g h t - s k y  background i n  t h i s  r e g i o n  
i s  much r e d u c e d  and t h e r e  i s  no h y d r o x y l  problem. N o  e m i s s i o n  was d e t e c t e d  
between 4474 and 4450A except i n  s t r o n g  v i s u a l  a u r o r a ,  when a weak l i n e  





T h i s  was b e l i e v e d  t o  be t h e  N lN(6-8)  l i n e .  
3 .  INTERPRETATION 
E a t h e r  s t a t e d  t h a t  i f  a - p a r t i c l e s  and  p r o t o n s  e n t e r  t h e  atmo- 
sphere w i t n  a b o u t  the same v e l o c i t y  d i s t r i b u t i o n  ( a - p a r t i c l e  e n e r g y  
f o u r  t i m e s  t h e  p r o t o n  e n e r g y )  t h e n  t he  He X5876/HB r a t i o  s h o u l d  be a b o u t  
two ( for  t h e  same i n i t i a l  f l u x e s )  t h r o u g h o u t  t h e  e n e r g y  r a n g e  o f  a u r o r a l  
par t ic les .  T h i s  s t a t e m e n t  i s  i n c o r r e c t  and i n  f a c t  a r a t i o  of two would 
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pho- (115) . o n l y  a p p l y  €or i n i t i a l  e n e r g i e s  above some 1 5 0  keV. E a t h e r ' s  
t o n  e m i s s i o n  c u r v e s  a s  a f u n c t i o n  of e n e r g y  w e r e  replotted a g a i n s t  
p a r t i c l e  r a n g e ,  a n d  t h e  t o t a l  e m i s s i o n  fo r  v a r i o u s  i n i t i a l  e n e r g i e s  
c a l c u l a t e d .  L i s t e d  i n  T a b l e  1 a r e  t h e  r a t i o s  of t h e  t o t a l  e m i s s i o n  of 
Hf3 and 15876 a t  v a r i o u s  e n e r g i e s  t o  t h e  t o t a l  e m i s s i o n  f o r  f a s t  
(2300 keV) p a r t i c l e s ,  d e n o t e d  I /I I t  may be s e e n  t h a t  t h e  pre- 
E 300' 
d ic ted 15876/Hf3 r a t i o  f a l l s  r a p i d l y  a t  lower e n e r g i e s .  
Thus t h e  f a i l u r e  t o  detect  h e l i u m  e m i s s i o n  i n  t h e  a u r o r a l  zone  may 
be b e c a u s e  t h e  t o t a l  f l u x  of a - p a r t i c l e s  is  too low, or  b e c a u s e  t h e i r  
a v e r a g e  e n e r g y  i s  t o o  l o w ,  o r  b o t h .  The 15876/Hf3 upper  l i m i t  of 0.02 
o b t a i n e d  above  may be used  t o  set uppe r  l i m i t s  t o  t h e  r a t i o  F /F 
#,-particles t o  p r o t o n s ,  and t h i s  uppe r  l i m i t  w i l l  of c o u r s e  be a f u n c t i o n  
of e n e r g y .  Upper l i m i t s  s o  c a l c u l a t e d  [assuming a X5876/Hf3 r a t i o  of t V 7 0  
a t  300 keV p a r t i c l e  ene rgy-Ea the r  ("1 a r e  shown i n  f i g .  3 f o r  possible 
a v e r a g e  e n e r g i e s .  
of 
U P  
P r e c i p i t a t i n g  & - p a r t i c l e s  have  y e t  t o  be d e t e c t e d  i n  t h e  a u r o r a l  
zone ,  so  there is  no  i n f o r m a t i o n  on a v e r a g e  a - p a r t i c l e  e n e r g i e s .  If 
15  keV i s  t a k e n  a s  a r e a s o n a b l e  a v e r a g e  e n e r g y  for  a u r o r a l  protons, ther! 
( a )  i f  c=r,-particles h a v e  a b o u t  t h e  same a v e r a g e  e n e r g y ,  F /F must be less 
t h a n  a b o u t  6% (b) i f  t h e  & - p a r t i c l e  e n e r g y  i s  a b o u t  t w i c e  t h e  p r o t o n  e n e r g y  
[ z s  s u g g e s t e d  by  S p e i ~ e r ' ~ ) ]  t h e n  F /F 
& P  
i f  a - p a r t i c l e s  and p r o t o n s  have  a b o u t  t h e  same v e l o c i t y ,  the  F /F must 
be less t h a n  a b o u t  0.7%. It migh t  be n o t e d  t h a t  r e c e n t  o b s e r v a t i o n s  of 
s o l a r - w i n d  i o n s  [Hundhausen e t  a l .  ]gave  an  a - p a r t i c l e / p r o t o n  r a t i o  i n  
the  s o l a r  wind v a r y i n g  from 0% t o  15%, w i t h  a mean v a l u e  of 4% f o r  t h e  
period of o b s e r v a t i o n .  Solar -wind  o b s e r v a t i o n s  from t h e  P i o n e e r  7 and 
U P  
must be less t h a n  a b o u t  2% (c)  
a P  
( 6  1 
Vela  s a t e l l i t e s  on t h e  p a r t i c u l a r  d a y s  d u r i n g  which  t h e s e  p h o t o m e t r i c  
measurements  were made g a v e  r a t i o s  of  1-4% (Wolfe I p r i v a t e  communicat ion;  
Bame, p r i v a t e  communica t ion) .  L i t t l e  c a n  be s a i d  r e g a r d i n g  compar ison  of 
s o l a r  w i n d  and a u r o r a l  r a t i o s ,  even  i.f t h e  s o l a r  i s  t h e  source of a u r o r a l  
p r o t o n s  and a - p a r t i c l e s ,  a s  t h e  d e t a i l s  o f  t h e  i n t e r m e d i a t e  e x t r a c t i o n  
and  a c c e l e r a t i o n  processes a r e  unknown. A c a u t i o n a r y  n o t e  s h o u l d  be 
ad.ded: b o t h  t h e  expected'I-16 and H e  e m i s s i o n  (from f a s t  protons and 
a - p a r t i c l e  i n t e r a t i o n s  w i t h  t h e  a tmosphe re )  w e r e  c a l c u l a t e d  from r a t h e r  
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(1,5) 
' u n c e r t a i n  e x p e r i m e n t a l  and t h e o r e t i c a l  c r o s s - s e c t i o n  da t a  [ E a t h e r  3 -  
These  u n c e r t a i n t i e s  a r e  p r o b a b l y  no  more t h a n  a f a c t o r  of t w o ,  b u t  it 
s h o u l d  be k e p t  i n  mind t h a t  s i m i l a r  u n c e r t a i n t i e s  a p p l y  t o  t h e  F /F 
r a t i o s  q u o t e d  above.  
U P  
It i s  c o n c l u d e d  t h a t ,  a f t e r  making r e a s o n a b l e  a s s u m p t i o n s  re- 
g a r d i n g  a - p a r t i c l e  and p r o t o n  e n e r g i e s ,  t h e  o p t i c a l  o b s e r v a t i o n s  do n o t  
p r e c l u d e  r a t i o s  F /F from 1-10%. 
U P  
4. TKE EVENT OF FEBRUARY 15-16, 1967 
Unusua l ly  s t r o n g  hydrogen e m i s s i o n  was o b s e r v e d  on t h e  n i g h t  of 
F e b r u a r y  15-16, 1967, t h e  maximum i n t e n s i t y  r e c o r d e d  was 350 R 
( c o r r e c t e d  t o  the  z e n i t h ) .  T h i s  e v e n t  was a p p a r e n t l y  a s s o c i a t e d  w i t h  
a v e r y  s t r o n g  s o l a r  f l a r e  t h a t  was r e p o r t e d  a b o u t  1800 U.T. on F e b r u a r y  
1 3 t h .  The re  was no  PCA e v e n t  accompanying t h e  f l a r e  ( R e i d ,  p r i v a t e  . 
communica t ion ) ,  and t h e  d i u r n a l  movements of t h e  hydrogen  e m i s s i o n  zone 
d u r i n g  t h e  n i g h t  ( f i g .  4 )  f o l l o w e d  the t y p i c a l  a u r o r a l - z o n e  morphology 
( equa to rward  movement before m i d n i g h t  and r e t u r n  t o  h i g h e r  l a t i t u d e s  
i n  t h e  morning h o u r s ) .  I t  i s  t h u s  c o n s i d e r e d  t h a t  t h i s  was a s t r o n g ,  
a u r o r a l  hydrogen a r c ,  r a t h e r  t h a n  a PCA e m i s s i o n -  
Only normal  HP i n t e n s i t i e s  (maxima of 50-70 R a t  C h u r c h i l l )  were 
r e c o r d e d  on t h e  n i g h t  of F e b r u a r y  14-15, w h i l e  i n t e n s i t i e s  w e r e  lower  
t h a n  normal  on t h e  n i g h t  of F e b r u a r y  16-17. Assuming t h e  enhanced  
p r o t o n  f l u x  was s o l a r  i n  o r i g i n ,  a lower  l i m i t  may be p l a c e d  on t h e  
s o l a r - w i n d  p r o t o n  e n e r g y  a t  t h i s  t i m e ;  55 h o u r s  e l a p s e d  be tween t he  s o l a r  
f l a r e  and t h e  f i r s t  measurement of enhanced  hydrogen  e m i s s i o n .  T h i s  g i v e s  
a lower l i m i t  f o r  t h e  v e l o c i t y  of  p r o t o n s  i n  t h e  s o l a r  wind of 750 km/sec, 
which  i s  n o t  u n r e a s o n a b l e  f o r  periods of s t r o n g  a c t i v i t y  [Snyder  e t  a1(8 )  3 .  
The = i n d e x  r e a c h e d  39  o n ' F e b r u a r y  1 6 t h .  I- 
P 
Again no  15876 H e 1  e m i s s i o n  w a s  d e t e c t e d  i n  t h i s  d i s p l a y ,  and it 
was e s t i m a t e d  t h a t  t h e  r a t i o  of X5876/HB was <0.03%. I f  t h e r e  were 
p r e c i p i t a t i n g  a - p a r t i c l e s  w i t h  t y p i c a l  a u r o r a l  e n e r g i e s  (10-30 keV s a y ) ,  
t h e n  a c o n s i d e r a t i o n  of f i g .  3 p l a c e s  upper  l i m i t s  on F /F between 0.2% 
( p r o t o n  e n e r g y  30 keV, a e n e r g y  10 keV) and 5% ( p r o t o n  e n e r g y  10 keV, 
a, e n e r g y  30 keV).  
& P  
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During this period of strong solar activity, F /F ratios 
Q P  
measured in the solar wind by the Vela satellite were unusually high, 
varying between 5 and 15% (Bame, private communication). It is con- 
cluded that the auroral acceleration process must either preferentially 
accelerate protons to higher energies than a-particles, or guide the 
&-particles to a different region (perhaps to lower latitudes that are 
not observable from Churchill). It is hoped that similar measurements 
might be attempted at lower latitudes in the near future. 
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CAPTIONS FOR FIGURES 
F i g .  1 T y p i c a l  measurements  w i t h  t h e  t i l t i n g - f i l t e r  photometer  
The of a u r o r a l  HP and t h e  s p e c t r a l  r e g i o n  n e a r  X58768. 
marker  pen  t r a c e  a t  t h e  v e r y  top i n d i c a t e s  when the f i l t e r  
i s  a t  0 , and be tween e a c h  such  mark, t h e  f i l t e r  t i l t s  from 
0 t o  LO and back  a g a i n ,  and so  completes t w o  s p e c t r a l  s c a n s .  
0 
0 0 
A, Helium lamp source. 
B .  Scan from 15880-58562 i n  t h e  magne t i c  z e n i t h  d i r e c t i o n .  
C.  Scan of  HB i n  t h e  m a g n e t i c - z e n i t h  d i r e c t i o n .  
D. Scan from 5880-58568 i n  t h e  magne t i c  h o r i z o n  d i r e c t i o n .  
E .  Scan of HB i n  t h e  magne t i c  h o r i z o n  d i r e c t i o n .  
See t e x t  f o r  f u r t h e r  e x p l a n a t i o n .  
F i g .  2 I n t e g r a t e d  s p e c t r a l  sums o v e r  60 wave leng th  s c a n s  i n  t h e  
5880-58568 r e g i o n ,  compared w i t h  a H e  s p e c t r a l  lamp. The 
magnet ic -hor izon  s c a n  h a s  b e e n  no rma l i zed  t o  t h e  same peak  
i n t e n s i t y  a s  t h e  m a g n e t i c - z e n i t h  p r o f i l e .  
F i g .  3 U p p e r  l i m i t  for t h e  r a t i o  of a - p a r t i c l e s / p r o t o n s  p r e c i p i t a t i n g  
i n t o  t h e  a u r o r a l  a tmosphere.  
F i g -  4 D i u r n a l  movement of t h e  r e g i o n  of hydrogen e m i s s i o n  on t h e  
n i g h t  Februa ry  15-16, 1967 a t  F t .  C h u r c h i l l ,  Canada. 
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